Abstract: The human response was verified when in contact with turf grass mowed at three different heights by investigating human physiological and psychological indices. Zoysia matrella Merr. mowed at 20mm, 40mm, and 70mm in height were prepared and 13 volunteers (seven males and six females; 20-24 years old) participated in the experiment. Cerebral blood flow volume using NIRS, heart rate, impression evaluation using the SD method, and mood evaluation using POMS were surveyed. In the SD results, turf grass mowed at 70mm had the highest score in Naturalness and Friendliness. Any notable differences were not found among the three turf grasses in POMS. Cerebral blood flow volume decreased with all turf grasses, and the most significant decrease was found in that having the 70mm height..
Introduction
Stress control and mental and physical relaxation have been critical social issues in living in a stressful society. Therefore, studies focused on reducing stress in daily life have increased in importance. Ulrich (1984) 10) provided important clues for considering the use of greens for human health. In the field of greening, attention has been given to the psychological and physiological effects of green space, such as stress recovery, mental relaxation and fatigue alleviation 2, 11) . These effects, confirmed by scientific verification 6, 7) , are currently applied to horticultural and forest therapy. The healing effect gained by being in contact with nature could differ depending on the stimulus type.
Now that there is a strong need for this healing effect of nature with an increasing interest in the quality of life (QOL), as well as the present health trend, more and more attention is being given to this field as it applies to our modern lifestyle.
Along with these social needs scientific research data has been gradually accumulated in recent years; still, this is not sufficient for varied social applications. Psychological and physiological effects could be gained by the stimulation of the five sense organs of eye, ear, nose, tongue and body from the external world. Many of the present studies are focused on the human response to the visual 9) and olfactory stimuli 3) and thus, relatively little research data is available in association with the other senses.
Tactile sense is the first we activated and the largest sense in a body. Also, this sense can provide important information about the body's surroundings via the brain by responding to multiple stimuli including touch, pain, hot and cold. Therefore, skin contact with natural environmental elements can cause more direct and stronger physiopsychological effects to the human body. Miyazaki et al. (1999) investigated the human physiological response when in contact with timber and reported that brain activity had been decreased 5) . Kweon et al. (2003) reported that . POMS scoring of all subjects over three turf grass materials mowed at 20mm, 40mm and 70mm in heights. Fig. 2 . SD scoring of all subjects (Left) and adjective items with significant differences among three kinds of turf grasses, 20mm, 40mm and 70mm in heights (Right). *, p<0.05; **, p<0.01 the human response could be different between contact with plant and paper, by investigating brain activity 4) . A lawn is one of the most important greening materials in urban green space and is largely used in gardens, parks, or school playgrounds where many people have contact with turf grass through varying types of activities 8) . This sort of turf grass use is valuable by way of its aesthetic effects and physical effects such as the alleviation of a heat island, and its psychological and physiological effects based on it unique texture. However, the latter effect is not yet scientifically verified. Verifying this new role of urban greens may facilitate active interrelations between people and green space. Actually, tactile sense responds with such sensitivity to the difference of texture, and thus, human perception could vary depending on the difference of turf grass's stimuli caused by different mowing heights.
Therefore, this study was focused on verifying the human response towards turf grasses with three different mowing heights, by investigating physiological and psychological indices.
Subjects and Methods

1) Subjects and stimuli
Seven male volunteers and six female volunteers (20-24 years old) participated in this experiment. Informed consent was obtained from each subject in accordance with a protocol reviewed and approved by the Human Investigation Committee of Chiba University.
Three turf grass materials (Zoysia matrella Merr.) mowed at 20mm, 40mm and 70mm from an original height of 200mm were prepared in 35cm × 30cm containers (Fig.1) . As the turf grasses were mowed one week before experiment, these materials, especially 20mm turf grass, might generate rather harder stimuli than the usual turf grass in gardens or parks under management. Surface temperature was controlled using thermography; moisture on the turf grass surface was removed by dryer machine 30 minutes before the experiment.
2) Data collection Subjects were put in contact with three types of turf grass; they were seated on a chair with one dominant foot in a shoeless condition. Turf grass was situated 30cm in front of the subjects and a wood stepping board was placed between the chair and the turf grass. The stepping board was set slightly higher than the surface of the turf grass in order to minimize the subjects' movements. The subjects put their dominant foot on the turf grass with sitting on the chair, according to instruction. A white board was also set 150cm in front of the chair to reduce visual effects by eye movement. Measurement facilities were placed behind the chair.
Data was acquired for cerebral blood flow volume (CBFV) as an index of central nervous system activity, heart rate as an autonomic nervous system, semantic differential (SD) as an impression evaluation and profile of mood states (POMS) as a mood evaluation. CBFV was surveyed by setting two channel sensors on the frontal part of the right and left brain which plays a critical role in higher cognitive functions, concentration, and emotion 14) , using near infrared spectroscopy (NIRS; NIRO-300; Hamamatsu Photonics, JAPAN). Heart rate was recorded with a pneumatic cuff (CBM-7000, Colin Corp., USA) on the nondominant wrist. Impression evaluation was measured with the SD, in which eight couples of adjectives were used. The POMS consisted of six mood state scales of tension-anxiety (T-A), depression (D), anger-hostility (A-H), vigor (V), fatigue (F), and Left is for all subjects and right, gender-segregated subjects. Fig.6 . Differences of heart rate before and after contacting with three turf grasses for all subjects.
confusion (C); in this study the Japanese version of POMS was used to investigate individual's subjective emotion. After resting in a chair, CBFV and heart rate of the subject were recorded as 'Before Contact' for 30 seconds. Then, according to the instructions, the subject put the dominant foot on the turf grass; the data of CBFV and heart rate was recorded as 'After Contact' for 60 seconds. SD and POMS were investigated after recording CBFV and heart rate data. This protocol was repeated for the three different turf grasses, which were provided randomly.
The experiment was carried out in a sealed room at Chiba University in order to prevent effects from the external environment; temperature was set at 23 , humidity at 50%, and illuminance at 500lux.
3) Data analysis
CBFV was recorded every one-second 12 and analyzed as the sum of oxygenated hemoglobin and deoxygenated hemoglobin. Based on the contact time (0 seconds), data between -19 seconds and -5 seconds was used as Before Contact and data between +5 seconds and +19 seconds as After Contact. This is because the subject's movement from the stepping board to the turf grass and instructions by voice could affect the subject's physiological responses. The change volume between Before and After Contact was calculated by subtracting the value of Before Contact from the value of After Contact. Differences among the three turf grass materials reflected in blood flow volume were verified with the Steel-Dwass test. For heart rate, data over the same time span with the CBFV was used for analysis. Change rate was calculated with (After Contact Before Contact) / Before Contact × 100 and the differences among materials was identified using the Steel-Dwass test. The Steel-Dwass test was also applied for the comparison of SD and POMS scoring. One male subject's data with a recording error was eliminated from the data analysis; thus, 12 subjects' data was considered.
Results and discussion
1) Impression evaluation
In the result of SD, 20mm had a significantly higher score than 40mm and 70mm in Smooth-Rough item (P<0.01; Fig.2 ). 70mm had significantly greater value than 40mm in Artificial-Natural item (P<0.05). Also, significantly greater scoring was observed in 70mm than in 20mm and 40mm in Unfriendly-Friendly (P<0.05). However, no significant differences were identified among turf grass materials mowed at three different heights in the other adjective items. For the Unlike-Like and Unpleasant-Pleasant items, which indicate having a preference towards the materials, all the materials had an averagely positive scoring despite no significant differences among them.
SD results indicate that contact with turf grass can give people positive feelings regardless of the difference of tactile stimuli. Also, there was a tendency that people felt more friendly to 70mm material which has softer and smoother surface texture than other two materials.. ) Mood evaluation No significant differences were found among 20mm, 40mm and 70mm in six POMS scorings (Fig.3 ). 20mm had a higher scoring in tension-anxiety (T-A) and confusion (C) over other emotions. Although confusion (C) had relatively higher scores than other items when in contact with all materials, largely decreased scores were found in depression (D) and anger-hostility (A-H). Therefore, it is not likely that the different tactile stimuli of turf grasses caused by different mowing heights directly affect people's emotions.
3) Cerebral hemodynamics The decreases of blood flow volume were identified when contact was made with three turf grass materials from the results of CBFV by NIRS (Fig.4) . From the comparison of the blood flow volume between before (-19 seconds to -5 seconds) and after contact (+5 seconds to +19 seconds), significant declinations were found for 70mm material in all subjects (P<0.05), and for 40mm in only female subjects (P<0.05; Fig.5 ). No significant change was observed for 20mm material.
In the verification of the differences among materials in the volume change before and after contact, we could not see any significant differences. Also, in the comparison between male and female subjects, no significant differences were found.
Our results supported that the relaxation of brain activity could be expected by making contact with turf grass and that this effect could be maximized when in contact with relatively soft turf grass, as seen in the 70mm material.
4) Heart rate We could not find any notable changes in heart rate data when in contact with turf grass. Although change rate had a tendency of increase for 40mm and 70mm in all subjects and a tendency of decrease for 20mm only in female group (Fig. 6 ), no significant change was found for any materials.
Conclusion
In this study, contact with turf grass reduced the blood flow volume in frontal brain area, which is consistent with former studies indicating that natural stimuli may have positive effects on human physiological activities 5, 6) . Human physiological response to the three different turf grass materials with different mowing heights did not differ significantly, but important correlations were found between surface textile and impression of friendliness. That is, people may have higher preference to the softer and smoother textile of turf grass. Similar trend was also found in POMS results, in which 70mm had higher scores in positive emotion and lower scores in negative emotions than 20mm. Our findings may support that surface textile of turf grass can influence the feeling of preference such as friendliness and that people feel more friendly to softer and smoother turf grass textile.
Surface textile of turf grass can be varied by multiple factors including mowing frequency, turf grass species, seasonal change and climatic condition as well as mowing height. Given that there were relatively distinguished differences in human response for three materials with slightly different surface textile, it would be valuable to examine human reaction to different kinds of turf grass species or more varied mowing heights. This study provided fundamental data on the new role of urban green space. For generalizing the psychological and physiological effects of contact with urban green, additional investigation to varied aged groups would be needed.
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